UNCLASSIFIED

Defense Technical Informatipn Center
Compilation Part Notice

ADP022674

TTTLE: Simulated Impact of Non-Linear Memory Effects on Digital
Communications in a Klystron

[DISTRIBUTION: Approved for public release, distribution unlimited

This paper is part of the following report:

TITLE: 2006 IEEE International Vacuum Electronics Conference held
jointly with 2006 IEEE International Vacuum Electron Sources Held in
Monterey, California on April 25-27, 2006

[To order the complete compilation report, use: ADA453924

The component part is provided here to allow users access to individually authored sections
ol proceedings, annals, symposia, etc. However, the component should be considered within
the context of the overall compilation report and not as a stand-alone technical report.

The following component part numbers comprise the compilation report:
ADP022420 thru ADP022696

UNCLASSIFIED




Digital Communications in a Klystron

J.P. Calame and B. Levush
Code 6840
Naval Research Laboratory
4555 Qverlook Av. SW, Washington, DC 20375
jeffrey.calame@nrl.navy.mil

Simulated Impact of Non-Linear Memory Effects on

Abstract: The resuits of passing digital communications
signals through a 1-D physics-based klystron model are
presented and compared to the series block model. Non-
linear memory effects are shown to be important at high
data rates near saturation.
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Introduction

System-level  simulations  of  transmitters  for
communications applications typically employ a series
block model to describe the response of the amplifier.
Such a model consists of a linear, frequency-dependent
block to describe the complex frequency response,
cascaded with a nonlinear, frequency-independent block to
account for the saturation effects on amplitude and phase.

with vacuum electronic amplifiers.

input gap, ballistic bunching in the inter-cavity drift tube,
and a 14.3 GHz resonant output cavity. It was anticipated
that a simplified model would allow the most fundamental
causes of memory effects to be easily identified and
understood, without confusion from higher-order effects
obtainable in multi-dimensional field-theory or three-
dimensional particle-in-cell simulations. The simplified
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from the combination of energy storage in the output cavity
and nonlinear deceleration of the electron bunches. Such
effects will lead to excessive system bit error rates unless
they are properly modeled and accounted for in the system
design.

Results

To study this issue, simplified 1-dimensional, time-
dependent simulations of a two-cavity klystron with a
tapered-charge disk mode! for the electron beam were
performed under a variety of modulations of the carrier
signal. This physics-based model assumes a memoryless
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Figure 1. Comparison of the physics-based and
the series model for a klystron under (a) slow and
(b) fast amplitude transition rates when driven over
the saturation point. Envelopes of the in-phase (1)
and quadrature-phase (Q) components are shown

after demodulation.




disk model also allows for rapid simulations with only
about 2000 state variables. Transient responses of the
klystron under step and rate-controlled ramp envelope
modulations were computed. Significant changes in the
functional form of the transient response (compared to the

block models) occurred at high transition rates when the
modulating signal was allowed to cross the saturation point,

as shown in Fig. 1. At the highest rates, the klystron can
“tunnel” directly from an unsaturated to an over-saturated
condition, without ever producing the peak in output power
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Figure 2. Comparison of physics and
series models under high data rate 4-
PSK modulation at saturation.

level that occurs at saturation under CW conditions. The
detailed causes of this behavior in terms of electron
bunching and cavity fields will be described.

In addition, phase modulated waveforms corresponding to
m-PSK digital signals with raised cosine symbols were
passed through the physics model to study nonlinear
memory effects and their impact on signal integrity.
Examples are shown in Figs. 2 and 3. Although the series
block model performed very well at slow data rates
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Figure 3. Eye diagram from the physics-
based model for 4-PSK modulation at
saturation with a data rate comparable to the
klystron bandwidth

compared to the bandwidth (regardless of amplitude)
significant time-domain distortions and resulting symbol
error rates were found when high data rates were applied
under saturated conditions. The use of a simple cascaded
linearizet/equalizer to improve symbol error rate was
investigated. While improvement was noted, significant
errors still occur.

Conclusions

The simulation studies point out the need for physics-based
models, or hybrid block/physics models, for use in system
design in critical applications. Such models could be
applied to help devise new methods of direct digital pre-
distortion, as well as to new concepts for analog linearizers
and equalizers, that are more suited to the intrinsic
nonlinear memory behavior of klystrons
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